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VON KARMAN CENTER 2 July 196l
Subject: Informal Monthly Report on the Invest gation of Stress

Corrosion Cracking of High Strength Stsels for the Month
of May 196L. Report LO41M-02-8

Teo: Commanding Officer
Frankford Arsenal
Phiiadelphia, Pennsylvania

Reference: Contract DA-OL-L95-0RD-3069, Modification No., &

-This is the thirty-second in a series of informal progress reports submitted
in partial fulfillment of the contract. It consitutes the eighth monthly repor*
on the second one-year continuation of the original two-year program. The work

was conducted by R. B. Setterlund who was supervised by A. Rubin.
I. OBJECTIVES

A. To study the stress-corrosion characteristics of 18% nickel maraging

steel with respect to compositionar veriation.

B. To study the effect of environmertal temperature on the rate of stress-
corrcsion cracking in three allors: 18% nickel maraging steel, a low-alloy

martensitic steel, and a hot-~worked iie steeil.

C. To study the electrdpotential changes occurring ir 18%-nickel maraging

steel during stress-corrosion expusure, and the effect of applied potential.

II. WORK PROGRESS

L. COMPOSITIONAL VARIATION

To study the effect of compositional variation on stress-corrosion
susceptibility of 18% nickel maraging steel, four different heats of material
were evaluated. These heats, when taken in conjunction with the heats vpreviously
tested in earlier parts of the maraging-steei program, represent the compositional
range of commercial production fer this alloy. Material was obtained from “hree
vendors: Republic Steel, Vanadium Alloys, and Latrobe Steel,
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T Commanding Officer
Frankford Arsenal
Philadelphia, Pennsylvanina

Reference: Contract DA-O4-495-0RD-306%, Modification No. 4

This is the thirty-second in a serles of informal progress reports submitted
in partial fulfillment of the contract. It consitutes the eighth monthly repor:
on the second one-year continuation of the original two-year program. The work
wag conducted by R. B. Setterlund who was supervised by A. Rubin,

I. OBJECTIVES

A. To study the stress-corrosion characteristics of 18% nickel maraging
steel with respect to compositional veriation.

B. To study the effect of environmental temperature on the rate of stresc-
corrceion cracking in three alloys: 18% nickel maraging steel, a low-alloy
martensitic steel, and a hot-worked die steel.

c. To study the electropotential changes occurring ir 18%-nickel maraging
steel during stress-corrosion exposure, and the effect of applied potential.

II. WORK PROGRESS
A. COMPOSITIONAL VARIATION

To study the effect of compositional variation on stress-corrosion
susceptibility of 18% nickel maraging steel, four different hesis of material
were evaluated. These heats, when taken in conjunction with the heats previously
tested in earlier parts of the maraging-steel program, represent the compositional
range of commercial production for this alloy. Material was obtained from three
vendors: Republic Steel, Vanadium Alloys, and Latrobe Steel.
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Table 1 shows the composition of all materials studied. They include
five heats of maraging steel frem the previous year's prc-ram and four heats from
the present program. The titanium content for thege heats ranged from 0.23% to
1.40%, with yield strengths from 181.5 to 323.3 psi. Mechanical properties are
shown in Table 2. In addition to these materials, two alloys representing a
hot-worked die steel and a lowe-alloy martensitic steel were tested to obtain
comparison data. The test environments used were: (1) aerated distilled water,
(2) aerated 3% NaCl solution. and a high-humidity atmosphere (1LO°F water-
saturated air). Beam specimens were stressed elastically to Y&% of the yield
strength, and U-bend specimens were used to evaluate the plastic deformation

condition.

Results indicate that the stress-corrosion susceptibility of 18% nickel
maraging steel increases with strength level, which is largely determined by the
titanium content. Even the lowest-s*rength-level material tested (181-ksi yield)
showed some failures in the U-bend tests. It was also found that a 3% salt
¢ lution was a less severe medium than distilled water in causing stress-corrosion

failure.

The test plan for Tasks A and B is shown in Table 3. The *esting has
been completed and results are now being evaluated for inclusion in the final

report.
R. ENVZRONMENTAL TEMPERATURE

The effect of environmental temperature on stress-corrosion cracking
of 18% nickel maraging steel was determined using bent-team and U-bend specimens
in controlled distilled-water environments at temperatures of 120 and 1600F.
Environmental temperature was found to markedly increase stress-corrosion sus-
certibility of the maraging steel, with failure times decreased by one-half with
an 180F increase in temperature. The conventional high-strength stcels, tested
for comparison, displayed greater susceptibility at a given strength level, tut
showed virtually no increasec in susceptibility as the temperature was raised from
0 to 150°F.  The final results for all tests performed in Task B shown in Table
3 will be reported in detail in the next report, which will constitute the final

summary report.
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c. ELECTROPOTENTIAL CHANGES

Electropotential changes occurring in a material exposed to conditions
which induce stress-corrosion cracking are of interest because they may give scme
indication of the mechanism of failure. Two experiments were conducted in this
regard, using a center-notched, pre-cracked tensile specimen of 18% nickel

maraging steel.

1. The effect of applied tensile stress on crack-tip corrosion
potential was measured. This potential was found to shift toward the anodic by

0.0175 mv for every 1000 psi of net stress applied.

2. The effect of applied constant potential on a U-bend specimen
exposed to a 3% salt solution was determined. It was found that by applying the
proper amount of cathodic current, stress-corrosion cracking of the sample could
te prevented. When the current was increased over this amount, the failure time

was the same as with nu current, as illustrated by the following data:

Volts to Initial Current Density Failure Time
Saturated Calomel Cell (ma/in.?2) (hr)
-0.95 -3.6 2.1
-0.66 -2.0 no failure, 168 hr
-0.36 <0.4 2.1
none none 2.3 (av.)

Complete results for this task will be s’ >wn in the final report

now being prepared.

AERCJET-GENERAL CORPORATION

(‘L_ e« Jo Darms, Manager
Structural Engineering Department
Structural Materials Division
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*(a) Marsging Steel from Previcus Progrea
Mepudlic Steel $%60%2 0.02 0.08 0.007
Allegheny-ludius 3  0.02y 0.002 0.00k
Allegheny-ludlus V-20178 0.012 0.01 0.00)
Allegheny-ludlua M6 0.02 0.08 0.006
Allegheny-ludlus ¥-2025% 0.009 0.09 0.002
(v) maragiag Steel for Present Progres
Republic Steel 3960523 0.029 0.06 0.00%
Venadiua Alloys oT868 0.02 0.09 0.00h
Letrobe Stesl C56858 0.0 .0} 0.00h
Vasadius Allays 07268 0.0 0.05 0.006
{¢) Conveaticaal Righ-Stremgts Steels
Veasdium Allqys OTS0M 0.3 0.1 0.00
Allegreny-ludlus  V-2321T 0.8935 0.6 0.009

0.00
0.00i
0.00
0.00
0.00

0.00
0.00
0.00i

0.00«

Q.00
0.00

Tln-a ssterial from previcus progres vill e ueed to ocbtain supplemm



XEXICAL ARALYSIS OF PROGIMN MATERIALS

—_— Composition, §
3 3 M o M A Cr & 0 o ¥

006 0.15 18.48 7.00 4.8 0.22 0.1 0.035 7.9 - 0.x% -
008 0.009 18.51 6.48 L.y2 0.0 . - 0.52 - - -
00 0.00 18.69 8.90 .92 0029 - 0.003 0.62 0.006 0.002 -
003 0.01% 18.60 9.05 .90 3.078 - - 1.00 - - -
005 0.06 20.81 - - 029 - 0.002 1.0 0.006 0.005 -

006 5.03 1T.79 8.9 3.M8 0.1) . 0.2y - . R
005 0.10 17.7% 1.60 4.60 0.08 - Q.07 0.52 0.05 0.006 -
008 0.05 18.3% 8.00 M.75 O.l4 - 0.0 0.8 . 0.006 -
006 0.66 18.5% 9.06 4.88 0.09 .- 0.088 0.55 0.02 0.003 -

o8 0.92 - - 3.3y - \TS - - - - 0.9
00* 0.0 0.97 - O0.96 . 1.00 - - - - 0.0%
msatary dats.
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A-l Vanadium Allyye Xk
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(a) Mareging Steel Frj

KXF 3.9

283.2
J0Ccr 523.5
8sar 291.3

(v) Maraging Steel £

E2 4 131.5
| 28.2
3 2%3.7

e 7.1

{c) Cxnventiomal i3

LCTSF 253.2
1025r 232.%
Elb) 4 23.5
Sa0r 2.2
uow 205.1
r 204.6
soar 20,8
60CY 376




S CF PROGRAM MATERIALS
'ET DATA)

lrece arowty
- te

Ultimte ) ] a =ery ":é
Tensile Stresgeh Elongacion  Redustiin in ires  Tasicess in. ek in.

Fro= *revious Prxnl.

254. . L.3 5T7.3 30.5 <73
%5.3 5.3 3.3 52.% =8..2
296.2 8.2 58.3 L5 352..
130.2 2.5 2r.3 36.2 -2.d
3%2.2 3.0 17.0 Sh.3 3d. e

. £3r Present Prograa
13¢.7 5.9 3.0 2.0 28d.:
2u8.2 A0 - 3.2 392.3
215.7 5.0 56.0 51.5 9683
231 8.9 8.3 52.2 €5c. 3

High Strength Steels
5707 7-0 1% Y ‘9 -
28..8 5.0 a2 52.9% -
220.¢6 8.5 A3 $3 b5 e
22.4 7.0 A0 b1 Y 32.9
218.% n v 9% 563
236.h 1.9 s3.5 99 385
1.2 14 38 AS.5 bFy )
1.9 é b ] 51.9% 192

4=-20-411071 "cN soday




TAI

~TREGS CORR(
TASKS

M.torial Condition (

EOR 'O CT OO R S

Bent m Tests
Armted Distilled Water A A N A A N A
Aerated Salt Water N A N A A N N
120F Listilled Water - A - A A A A
1LCF Saturated Alr A A Ny A A A
1E0F Tistilled Water A A A A A

U-Bend Tests
Aeyated istilled Water A A - - - A A
Aerated Salt water A - - - - F A
JOF Distilled Mater A A - - - A A
iblF Satumted Alr - A - - - A A
167F Distilled wWater A A - - - A A

Cxde

A - All saaples have fafled.
Same have failed, sme have not.
B <« N> fuilures to aate.

~
]

« = K test planned.
L ]

- Single mverick specimen; tve of gr. 2 cf three have fulled
Buch earlier.
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